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An Interferometric Study of Dissociative Recombination Radiation

in Neon and Argon Afterglows®

Lothar Frommhold** and Manfred A. Biondi
Physics Department, University of Pittsburgh, Pittsbu¥gh, Pennsylvania

Abstract
A photoelectric recording, pressure tuned Fabry-Perot interferometer of

high resolution is used to determine the spectral line profiles of 22 neon and

5 argon (2pn -+ lsm) lines emitted from a microwave discharge and during the
ensuing afterglow. All afterglow line profiles are broader than the cprresponding
discharge lines, and in most cases the afterglow line shapes are consistent

with a dissociative origin of the excited atoms, indicating that the an excited
stétes of neon and argon are produced by dissociative recombination of electrons
with Ne2+ and Aré+ ions, respect;ively° Detailed examination of the line profiles
~in neon indicates a "multi-shouldered" structure corresponding to several
different dissociation kinetic energies, suggesting that different initial
st#tes of the Ne2+ ion are involved in the dissociative recombination proceés.
From the deduced molecular ion energy levels it appears that, in addition to

the Ne2+ ion state with a dissociation energy D ; 1,35 eV reported by Connor

‘and Biondi, there may be a more weakly bound state with D~ 0.5 eV which

contributes to the recombination.

*This research was supported, in part, by the U, S. Office of Naval Research,
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**Present éddiess, Physics Department and Electronics Research Center, University
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I.v Introduction

(1)

In an earlier study , the capture rafe‘of electrons by ions in neon was

shown to result from the dissociative recombination process, i.e.

4

* *
, +e=(Ne, ) 2Ne + Ne + kin.energy, (1)

] Ne unstable™

where the superscripts + and * indicate ionized and excited states, respectively.
These afterglow studies made use of an interferometer to detect kinetic energy
of the excited atoms produced by the dissociative process (through the corresponding
Doppler effect on the emitted line profiles).

The s;udies(l) showed that the 15852 (Zp1 »> lsz) afterglow recombination
radiation evidently consisted of a thermal doppler core sitting atop a
trapezoidal dissociative pedestal. The diséocigtive (trapezoidal) portion of

(2)

the line profile has been shown to be given by

I(V) = (a/4b) [erf (av + b) - erf (av - b)], 2)

1/2 /2

| L")
where a = (szlkT) /3 and b = (ED/kT) ; v and v, are the frequencies (in

wave numbers), the subscript o referring to the line center, M is the mass of

the atom in the diatomic ion, ED is the dissociation kinetic energy and T is

the ions' kinetic temperature. Such a profile would arise if a single
disgociation energy ED (see curves iz and Xy in Fig. 1) alone is involved.

This in turn, implies that only one stable molecular ion curve and one repulsive
excited molecule curve corntribute to the process and that the ions are all in

the same vibrational state. Thus, the line profiles were interpreted as resulging
from a fracgion of fast, dissociatively produced excited atoms which radiated
before losing their excitation (trapezoidal profile), with the thermal Doppler

core arising from those fast atoms which had undergone excitation transfer



collisions with the ambient (ground state) atoms before radiation occurred.

In the present work, a substantial improvement in signal-to-noise ratio
has been achieved, and meny additional afterglow lines in neon and in argon
have been s;udied. These studies have revealed dissociative broadening in all
cases but have shown that the spectral line profiles are more complex than was

(1)

assuned in the earlier analysis'™‘, which was based on a line profile arising
from a single dissociation energy plus a thegmal boppler core, The present
paper gives examples of the more accurately deﬁérmined line profiles in neon
and in argon afterglows and proceeds to analyze the details of the profiles
to provide a more realistic picture of the energy states of the Ne2+ ion than

was obtained in the earlier work.

I1. Apparatus

A detailed description of the microwave afterglow and optical interfercmeter
system was given earlier by Connor and Biondi(l)o The Fabry-Perot interferometer
consists of a 1"D. aperture, 1[100 flat set of plates with multidielectric
films of 95 - 9?% reflectivity over the wavelgngth range studied. The overall
iﬂstrumental finésse (considering plate flatness, film reflectivity and exit
aperture size)‘excéeded ~ 30 for the optical transitions studied. Three
modifications)qf_the apfaratushhang been made for the present studies, which
we briefly discuss here; In order to extend the forger study to other afterglow
lines of neon énd argon, a mcnochromatorlis.used following'the interferometer
inst&ad‘of an interference filter (see Fig. 2). Its resolution is high enough
that two lines having a wavelength difference of more than 14 A can be
satisfactorily separated even if their intemsity ratio is as disparate as 1:10.

In this'way, most of the strong 2p - ls transitions( ) in Ne and in Ar could
be studied, totaling 22 such, transitions in Ne and 5 in Ar. (In addition, some

higher transitions such as 3s - 2p and 4d - 2p have been studied in Ne).

A crucial problem has been the intensity of the afterglqw light, and



substantial efforts have been made toward improvement of the signal-to-noise
ratio of the system. In th; interferometer design, a small exit iris is used
and thus only a small fraction of the detecting photomultiplier cathode is
needed for signal detection. The remaining parts of the c.;nthode contribute
only to the dark current noise of the device; therefore, by magnetically
defocusing most of the off-axis electrons in the linear, venetian blind

(4,3)

photomultiplier tube , in addition to dry ice cooling of the tube, (see

Fig. 2) both the dark current and the associated noise per unit bandwidth have
been reduced to < 10—12 Amp. and the sensitivity maintained (200 Amp/Im). This
corresponds to an increase in the signal-to-noise ratio of almost two orders

(1

of magnitude over the previous work ™, and the remaining noise in the recordings
is almost entirely due to statistical fluctuations of the signal current itself
(i.e., signal shot noise).

III. Structure of the Afterglow Line Profiles

In the dissociative recombination process, for a Ne2+ ion in the state

given by the schematic ﬁotential curve il in Fig. 1, the energy ED' will be

transformed along the curve Xy into kinetic energy of the dissociating atoms
Ne* + Ne (one of the atoms is left in a particular excited 2p level). If
the excited atom radiates by a transition into a particular ls state before
either a momentum transfer or am excitation transfer collision takes place,

then the shape of the spectral line emitted is of a trapezoidal form(z) due

s

to Doppler broadening. (Here we assume E'D 2 3 kI.) From Eq. (2), it can be
shown that the rising or falling shoulders of the trapezoid's sides have a
"frequency extent", in wave number units, taken from 15 to 85%Z of the central

height, which is given by

i
'

2)1/25 (3)

R = 23’0(kT/Mc



The "frequency" half-width of the trapezoid is

1/2
H = 23‘0(ED/Mc2) ° %)

Momentum transfer collisions (4.e. ordinary elastic collisions) would reduce
the width of the trapezoid(l)a In our present work the rate of elastic cgllisions
has been kept small; thus, to a first approximation, their effect may be
neglected.,

There is an additional factor which may affect the lineshape of a given
2pn - lsm transition: cascading. Suppose the excited Ne state produced in
a dissociative recombination resction is a higher lying state than 2p (say a

38 state)., Then the energy E_ available for dissociative Doppler broadening

D
would be smaller. Hence, a relatively narrow line might be noted in a particular
2p ~ ls transition, if the excited Ne cascades according to the sequence
38 - 2p - ls, without having any collisions during cascading. At intermediate
afterglow times, there is sufficient intensity in some 38 - 2p and 4d - 2p
transitions that their line shapes can be studied, indicating the possibility
of a cascading contribution to the 2p - 1ls transitions. (Although the intensities
of these lines from higher states are modest, rather large numbers of these
and even higher states may be involved, since transitions from 6d4, 535, etc.,
all of which may cascade to 2p, have been noted well into the afterglow,
L msec(G))o

As noted below, there is reason to assume that the molecular ions under-
going recombination are in different electronic and/or vibrational states.
If this is true, different values of the kinetic energy of dissociation, ED’
are to be expected. Since the Doppler widths of the atomic light in the after-
values, a superposition of several trapezoids

D
having different ED values will result(7)° Thus, the lineshape may look like

glow are determined by the E



- the schematic Fig. 3, having shoulder pairs a, B, A1 2.3% oo for every inter-
| e J
section of the repulsive excited state curves Xy with the molecular ion curves

ii in Fig. 1, with relative intensities given by ove;lap—§urviva1 factors.
Hence, the actual lineshape can become very complex, particularly if an atomic
level 2pna with a large angular momentum, splits into many curves of the type
X having many crossings with the ionic curves (or near-crossings of the type
A). Indeed, we find evidence that some of the experimental lineshapes apparently
are more of the type suggested by Fig. 3 than of the simple trapezoidal form
first mentioned.

Since the atomic energy levels U(2pn) are precisely known(8), and the ED's

can often be measured from the widthes of pairs of shoulders in the line profiles,

energy levels Ux of several of the ionic states, where
X
U= U(an) + B, (5)

can sometimes be inferred from our measurements. (Ux is taken from the atomic
ground state.) Among the line shapes studied, if twovtrgnsitions originate
from the same upper state 2pn9 then equal Ux valueé are to be expected (see
Fig. 1). 1In addition, analysis of radiative transitions with different upper
states may lead to the inference of equal Ux valugs, if the excited molecule
repulsive curves leading t§ these different atomic states cross the same
mo;ecular ion curve (for example, curves X, and ¥y in Fige 1), On the other
hand, if curves $uch as x, and y, are involved, different values of Ux will
be inferred from studies of transitions originating from different upper
states. The;e general consid%rations, which are discussed further in Sec. V,

should be borne in mind when interpreting the results below.



IV. Experimentgl Results

A. Discharge line shapes in neon

The forms of the discharge line profiles are determined by the densities
and temperatures of the electrons, ions and neutrals. The most significant
factor is the thermal Doppler broadening (together with the instrumental
broadening) , although a Stark broadening influence of the plgsma (density,

10 16 cme) can be

n, n 10 cm_3) and of the neutrals (density, n 3-7x10
seen. In some cases a high density of sbscrbing ls states affects the discharge
line profiles, which effect can usually be avoided by reducing the discharge
axcit&tiono In any case, the line widths under discharge conditions could
definitely be made smaller than those of all of our afterglow lines, whe¥eas,
without dissociative recomb;nation, the éftergluw lines would be expected to

be of smaller half-width, because of the smaller plasma densities ( < 109 cm_3)

at the afterglow rimes of interest here.

Fig. 4 shows an example of the Neon A5852 and 16678 discharge lines. The
computed thermal Doppler half-widths at 77°K are 20 nK and 18 mK, respectively;
whereas the cbserved half-widths are 43 oK and 37 mK(g)o A part of the differences
(bgtween 20 and 43 oK at 35852) is due to the instrumental width (estimated
not to exceed 10 mK), the remainder probably being due to Stark broadening by
neutrals and plasma. At twice the neutral density, the observed half-width
of 45852 at 77°K is slightly larger ( %50 mK) , and at the same neutral density
at 300°K and maximum available microwave discharge power, this half-width
increases to ~ 70 mK, which clearly is an effect of both increased temperature
and p}asma density.

For all the other neon lines the situation is approximately the same; the
recorded half-widths are generally about two times larger than their computed

77°K Doppler widths and can be affected by changing either the plasma or the

neutral atom densities. Similarly, in Argon for 16965 and for 27067 at 77°K



the recorded half-widths are 29 mK and the computed Doppler half-widths are
about 14 nK. |

The small component of the line shifted 74 wK to the right in the 15852
profiles of Fig. 4 is due to the isotope Nezz » which has a relative abundance
of ~ 92(10) compared to the main isotope Ne20° In Argon no isotope lines can
be seen.

B. Neon afterglow line intensities

In a neon afterglow, many fairly intense lines can be studied., All the
strong 2p - ls transitions, which are familiar from spectroscopic work omn
discharges, are present in the afterglow. Except possibly for the first few
hundred microseconds of an afterglow, all these lines decay at the same rate,
which indicates their equivalence for the purposes of our present study.
Examples of the cobserved decays of four of the lines are shown in Fig. 5. The
"intensities" shown here are simply the photomultiplier output currents and
have not been corrected for the changing efficiency of the EMI 9558 photocathode
with wavelength; however, the corrected relative intensities of all the lines
are given in Table I, from which one may assess the relative strengths of the
reconbination radiations.

The rather complicated decay (approximately as 1/t) shown in Fig. 5
evidently résults from the fact that the recombination radiation intensity is
is the recombination coefficient

proportional to the product (o Mme), where o

3 3
into the radiating excited state, M is the molecular ion density and n, the
electron density. At low pressures, both atomic and molecular ions are present

in the afterglow. In the discharge some molecular ions are produced from

highly excited atoms by -asgsociative iomization, i.e.,

%
Ne + Ne ~» Ne2+ + e N 6)
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10

while during the afterglow they are produced from atomic ions by the rather

slow three body conférsion :action(ll),

Ne+ 4+ 2 Ne + Ne +

2 + Ne (D

Thus, since M and n_ can have quite different time histories in low pressure
/afterglows, the excited state production by recombination and consequently
the associated afterglow radiation can exhibit rather complicated decays.

In the three-body formation of Ne2+ (Eq. 7) the molecular ions may be
formed in any vibrational and electronic state. Since the molecular ion
"lifetime" before recombination with an electron varies between "~ 100 usec
and ~ 5 msec, depending on the electron density, relaxation of the vibrational
state populations to a thermal distribution may not always take place during
the afterglow. Thus, as noted in the previous section, additional contributions
to the line profiles would occur as a result of the "A-crossings' between the
vibrationally excited ion states and the repulsive neutral states (see Figs.

1 and 3).

C. Neon afterglow line profiles

Recordings of most afterglow line profiles could be taken at any after-

‘ - 1
glow time between O and ~ 10 msec, i.e. at electron densities between " 10"’0

and ~ 10° cmmB

. With the possible exception of the first few hundred micro-
seconds, there is no noticeable variation of recorded lineshape with time, Qnd
Fig. 6 is typical of the A§852 line shape for the whole accessible afterglow
interval bétwee;-oos ;pd 10 msec., Also, a gas temperature variation from 36d

to 77 °K hardly affects the afterglow line shape, whgréas discharge line

shapes are definitely reduced in width at the iower temperature. (For a

recording of the 15852 line shape taken at 300°K see Figs. 9 and 10 of the paper
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by Connor and Biondi(l))a

A careful examination of line profile tracings (as many as 13\interference
orders are usually traced for a given set of afterglow conditions) re?uals that
the 25852 structure is more complicated than the single trapezoidal shape
given by Eq. (2) on which is superposed a thermal doppler core (see, for example,
the residual "shoulders' at frequency shifts greater than 150 mK from line center,
as indicated by the 1ett§rs b ~b in Fig. 6). It is a straightforward matter
to show that two "shoulders" corresponding to two different dissoclation

energies ED' and ED", yield a discernable "step' between them only if

1/2

A2 (8)
(ED - Ep )

At dissociation &netgies of v 1 eV at T = 77°K, an energy difference in excess
of ~ 0.3 eV i3 required; thus, not all of the structure corresponding to
different initial states in the dissociative recombination reaction can be
detected in the line profiles, especially when one considers the additional
effects of instrumental broadening of the profile. and the inevitable "noise"
in an afterglow trace (see, for example the slight irregularity in the tracing
near the line center in Fig. 6).

In analyzing the profiles of the various afterglow lines, we have adopted
the procedure of examining many different traecings of a given line and selecting
only those shoulder pairs which are symmetrically disposed with respect to the
line center, and of nearly equal amplitude. Thus, although a single tracing
is sufficiently "noisy" to render doubtful the reality of some of the shoulder
steps, the reproducibility of the position of the steps on many tracings
gives us some confidence in the existence of substantial structure in the line
profiles..

Let us now consider some of the line profiles in detail, starting with
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the afterglow A5852 (2p1 - 132) line of Fig. 6. The apparent slight asymmetry
in the -shoulder structures indicated by the positions of the horizontal lines
in Fig. 6 stems from the neon isotope Nezz, which is present with its natural
abundance of about 9%. (No attempt has been made to use a gas sample with
enriched Nezoo) A simple quantitative decomposition of the observed profile
into a Nezo and a Ne22 line, with relative intensities of 91:9, the latter
shifted by 74 oK to the right, reveals perfectly symmetric shoplder intensities
for the main isotope. A good approximation of this symmetric structuze. cam

be cbtained by using the left wing of the profile only, complementing it on

the right of the line center by its mirror image. 1In the discussions to

follow, the Ne,, isotope will not be considered further.

22

An interesting feature of the A5852 afterglow profile is that it can
very nearly be understood as a superposition of one dissociative trapezéid
(C -~ C in Fig. 6) and a narrow thermal core, as was pointed out by Connor and
Biondi(l)o Under this assumption, the kinetic energy of dissociation, ED’
can be evaluated from the apparent half-width (280 mK), yielding Ej =
(1.25 i:0°07) eV. Hence the energy of the molecular level with regard to the
atomic ground state would be Ux = (20021.1-0007) eV and the molecular ion
binding energy D = (1035-i 0.07) eV, in close agreement with the results of
the earlier paper(l)o (In deriving this value of the dissociation energy D,
the ion is assumed to be in its ground vibrational and electronic states, which
assumption may be called into question by the results of the present study).

A careful evaluation of ocur more accurate 58522 afterglow line profiles
indicates the presence of more features in the wings of the line than predicted
by the simple theoretical shape of Eq. (2). In addition to the (trivial)
isotope modification, a ~ 50% increase in length of the rise of the Qutérmost

prominent shoulders (C - C) is observed. It is just possible that this prolonged

rise is largely instrumental or is due to gas temperatures substantially higher



13

than 77°K. It is also possible that momentum transfer collisions have affected

the shape ofzthe profile(l)° We believe, however, in an alternative interpretationm,
that the deviations are the result of a more complex line structure having

several shoulder pairs, similar to the case illustrated schematically in Fig. 3,
with barely resolved step structures.

Favoring this interpretation is some just discernible structure, at the
positions indicated by the lower case letters in Fig. 6. Each of the marked
shoulder pairs is perfectly symmetric with regard to the line center, is
reproducible through many orders (except for occasional interference by noise)
and has essentially the predicted rise length, and the corresponding right and

left shoulders are of equal amplitude (after correction for Ne Furthermore ,

22)°
a8 will be shown below, other neon afterglow lines indicate similar structures.
Hence we conclude that the A5852 line has a complex, multi-shoulder structuze.
The line profiles of the remaining strong 2p -~ ls transitions in neon are
all of the multi~shoulder type. There are a number of lines which, similar
to the 25852 line, could possibly be interpreted as a superposition of but
one dissociative trapezoid and a narrow the:mal core. Fig. 7, which shows
the A6598 (sz - 132) afterglow profile, is an&ther example of this type.
However, a close inspection of many tracings of 16598 profiles indicates a
more complg# sﬁfucture with several shoulder pairs at the positions indicated
in:Figo 7,5 An example of an afterglow line profile thch can hardly be
understood aé a superposition of a single dissociative trapezoid plus a thermal
core is 16304 (2p, - 1s,), as shown in Fig. 8. Comparison with the thermal
discharge profile again suggests the presence of a number of shoulder pairs,
oniy one of which (D - D) is apparent on a single trace, as indicated by the
letters in the figure. There is also one particular line, 26402 (2p9 + 135),

see Fig P, in which deviations from the thermal doppler profile yield a

relatively narrow dissociative base, suggesting small ED values. If we accept
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this value, a substantially greater "binding energy" for the molecular ion of
"~ 2.4 eV is derived (in disagreement with the value quoted earlier from

previous A5852 studies), and a molecular ion curve of.the type 13 in Fig. 1

is impliied. A detailed discussion of this point is deferred to Sec. V.

D. Argon line profiles

In argon similar iine profiles have also been found. The discharge lines
are approximately of the expected widths (thermal Doppler width and instrumental
width) and all afterglow lines studied definitely have broader bases. As aﬁ
example, Fig° 10 shows the measured 16965 (sz - 135) line profiles in Argon.
In addition to this line, four other 2p ~ 1ls transitions have been studied;
A7067, 17383, 47635, and 27948, 7

There is some evidence that the afterglow line profiles have multishoulder
structiures similar to those in neon. The structtres are narrower and thug less
readily resolved, however. We therefore have refrained from attempting to
derive ED values from the argon profiles because of the large errors gssociated
with such attempts. We do, however, conclude that the only likely source of
such broadened afterglow line profiles is the dissociation kinetic energy
given to the exgitedvargon atom formed during recombination, giving evidence
of the commnection of the large electron capture rate in argon with the
dissociative recombination process.

V. Discussion

The conclusions of the present study may be sqmmari;ed as follows:

1. The 22 neon and 5 argon [an + 1sm] transition;<stndigd (see Table
1) all reveal afterglow line profiles which are broader than the corresponding
discharge lines. In addition, in most cases the forms of these afterglow
profiles are'clearly consistent with dissociation kinetic energy contributions

to the broadening. Thus, we are led to the conclusion that, in neon, all of

the excited atomic states 2p (1 < n < 10) are products of the dissociative
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recombination process. In addition, preliminary line shape studies suggest
that even higher levels, such as 3s and 4d, are formed during dissociative
recombination of electrong and Nei+ ions. 1In argon, while the afterglow line
shapes are not as well defined, their cbvious broadening relative to the dis-
charge lines indicates that here, also,an excited states are formed during
dissociative recombimation of electrons with,ArZ+ ions.

2. Examination of the line profiles (at the improved signal-to-noise
ratios obtained in the present studies) reveals that the afterglow line
shapes are more complicated than a single dissociative pedestal (of the form
given by Eq. 2) surmounted by a thermal core. The lines sre evidently multi-
shouldered in structure, and comparisons of tracings of a givenm profile
through many successive interference orders reveal the positions of not only
the strong shoulders (such as C - C in Fig. 6) but alsc weaker features (such
a8 a — aand b - b in Fig. 6).

3. From the inferred values of the dissociation kinetic energies for
these various shoulders, together with Eq. (5), one can calculate the initial
mqlecular ion levels from which the dissociative process started. Examples
of the energy level values inferred from the five 2p1 and 2p2 > 1sm atomic
trangsitions studied are contain;d in Table II. The accuracy of the inferred
values varies considerably im going from "strong" to 'weak' features in a
line profile (from ~ 0.01 eV to > 0.1 eV), but it will be seen that there do
seen to be intervals of a few tenths of an eV between levels., (This interval
is approximately that given by the ''discernible step" resolving criterion 'of
Eq. 8.) ‘In addition, as noted in Sec. III, mnot only do two different lines
from a common upper state appear to reproduce the molecular ion levels wiﬁhin
v 0,1 eV, but also lines from different upper states, i.e. 2p1 and 2p2, yield
consistent molecular ion levels, suggesting that although the analysis is

relatively crude and incomplete it does provide some information concerning
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the energy levels. (An apparent inconsistency in the observed profiles is that
the strong shoulders C - C of A3852 in Fig. 6, which yield the molecular level
at 20.22 eV, appear as a weak feature in A5400, which originates from the same
upper state; however 25400 is a very weak afterglow line, leading to difficulties
in the shoulder position detefminationso)

4. From a consideration of the positions of the inferred molecular ion
energy levels and the strengths of the corresponding features in the line profiles,
it is clear that the actual potential curves involved in the dissociative recombinatio
of electrons and Ne2+ ions are much more complicated tham the schematic
representation given in Fig 1 of Connor and Biondi's paper(l)° Although we
arrive at a gim;iar pair of curves (12 and‘xz in our Fig. 1), the additional
higﬁarqénergy structure in the 25852 profile, together with that from other
spectral lines studied, leads us to postulate an additional bound Ne2+ state
of the form of curve il which is reached by the unstable excited molecule curve
x; with @rossings/q ;nd B”\of thé ion curves,

+

A final point concerning the‘Nez energy levels is the question of the

reglity of the curve labelled i, in Fig. 1. Although there are substantial

3
nﬁmbem of just discernible, narrow shoulders near the thermal cores of most
of the lines, leading to the inference éf molecular iom enefgy levels at less
than 20 eV above the atomic ground state,,wé ne@ed in Sec. III that cascading
ftom higher states could, also 1eaéuto,such narrow shoulders. Arguing against
& Nez+ state with v 2.7 eV binding energy (curve 13) is tﬁe fact that the
thresh@ld for agsociative ionization (reaction 7) has been determined(129 to
be 20.86 i-0.,20 éV'above the atomic ground state, which is consistent with a
flat or slightly attractive excited molecule curve c;ossimg our iz curve, whose
minimnm is at v~ 20.2 eV. (Strongly attractive; i.e. bound state Nez*, curves

seen unlikely inasmuch as band spectra of neon molecules have not been observed.)

Thus, associative ionization does mot require a deeper bound state of Ne2+.
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In addition, the ~ 2.7 eV binding energy of 13 is about twice the

<13) and is also much higher

(14

estimated value from chemical bond considerations
than the binding energy derived from‘scattering data
We, therefore, conclude tha; there probably is noviB—type bound state for
Ne2+ and tha; the narrow shoulders on the (an - 1sn9 line profiles are the
result of recombination into higher ( > 3s, 4d) states, followed by radiative
transitions into 2pn states before logs of the_small dissociation kinetic energy
acquired in the initial recombination event. In support of this are some
preliminary studies of higher state line profiles in the earlier afterglow
(0.6 - 1.5 msec), for example, the 15689 (335 »~2p10) transition. This line
‘appears to be multi-shouldered, and E, values.of 0520 and 0.38 eV.are inferred.
Since corresponding ED values have been notgd for some of the (an -+ lsug
transitions, a cascading origin of the small dissociation energies in these

latter profiles seems reasonable,
i
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Figure Captions

+
2

ion and zome of the repulsive excited molecule curves leading to the an excited

Fig. 1. Schematic representation of the potential energy curves of the Ne

atomic states. The shapes of the curves are not meant to be significant;

only the energy levels of the Ne2+ states and the curve crossings are semi- -
quantitative.

Fig. 2. Simplified diagram of the microwave afterglow/optical interferometer
apparatus used in the line shape studies.

Fig. 3. Hypothetical line shape arising from superposition of several dissociation
kinetic energies and a thermal doppler core. The contributions, o, B, v, Ai’
might arise from energy states and curve crossings of the type indicated by

the corresponding letters in Fig. 1.

Fig. 4. Chart record of neon line profiles during the microwave discharge at
T = 77°K and P, = 1 Torr (reduced to 0°C); (a) 15852 (2p1 > lsz) and (b) 16678
(2p4 -+ 132)° The Nezo and Nezz isotope contributions are clearly resolﬁad.
Fig. 5. Decay of intensity of several (an > 1sm? neon transitions during the
afterglow.

Fig. 6. Top: Chart record of the A5852 (Zpl - lsz) neon line profile taken
during the period 0.6 -~ 1.0 msec of the afterglow. Bottom: Tracing of record
showing positions of six pairs of "dissociative shoulders" with corresponding
ED values in eV of: a, 2.28; b, 1.73; ¢, 1.26; d, 0.88; e, 0.,47; and £, 0.16,
The thermal "core' of the line has a half width of ~ 31 mK.

Fig. 7. Chart record of the 16598 (2p2 -+ 152) neon line profile taken during
the interval 0.3 -~ 0.9 msec of the afterglow. The inferred positions of
several of the shoulder pairs are shown by the horizontal lines.

Fig. 8. Tracing of the chart records of 16304 (2p6 > 134) neon line profiles
taken durigg the discharge and during the interval 0.6 - 1.2 msec of the after-

glow. The inferred positions of the dissocilative shoulders are indicated by
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the letters.

Fig. 9. Chart record of the 16402 (2p9 -> lss) neon line profile taken during
the interval 0.5 - 1.5 msec of the affarglow.

Fig. 10.. Tracing (discharge line) and chart record (afterglow’line) of 16965

(2p2 -> 135).argon line profiles. (The afterglow line was recorded during the

interval 1.0 - 2.2 msec).
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